1996
). An undulating plateau generally 200-250 m above sea level covers most of the island's 34 x 5.5 km area. The climate is moist, windy and cool average with low seasonal variation (Selkirk et al. 1990) . Numerous lakes and extensive waterlogged areas are present. The lake waters are of low salinity, which is mostiy derived r1:om sea (Tyler 1 . This paper presents findings frorfl the extensive survey of the diatoms in freshwater habitats on Macquarie Island and compares these with surveys on other sub-Antarctic islands. Diatoms are unicellular algae characterised silica cell walls of two overlapping halves called valves. Diatom taxonomy is based on the shape and patterning of the valves rather than the forms. Diatoms inhabit marine, freshwater and moist terrestrial environments throughout the world. The structure of diatom communities is sensitive to water and diatoms can provide a powerEd tool for '~"''~"'-""'·" monitoring water quality and environmental conditions. '1he presendy available literature on sub-Antarctic diatoms identifies floras containing a number of endemic taxa and many similarities exist between diatom floras of scattered islands ( Van 
SAMPLES AND ANALYTICAL METHODS
and bottom sediment (table 1) summer vtsrts to in appendix l '""-HIJ''c' of 15 --25 ml were taken within a 10-40 em range near the shore and preserved with processed. 1he vascular Orchard was present in most was in collections as a diatom substrate. Rock surfaces for scraping were not available in the lakes. Water pH, conductivity and temperature were measured at the time of sample collection and water were taken for later Figure 1 shows the location of the lakes and from which collections were made. Point Pond are on the coastal terrace; Brothers Skua Lake and Lake are type "b" ponds occurring on high moor peat on the plateau; Lake Ainsworth, Ifould Lake, Major Prion Lake, Pyramid Lake and Tulloch Lake are t-ype "c" lakes occurring on tundra soils on the piateau. Major Lake is the island's largest having an area ofO. 5 km 2 and maximum depth of 16m. "S" Pond is compared with the plateau lakes width about 10 rn, 1nax depth about 40 but was included in the sampling program because Evans used it as site and listed its diatom flora.
To prepare the diatom material for examination, about 20 ml of 34(!1J
was added to the sample in a covered at room temperature for at least a week to oxidise the material without violent The similarity of the diatom community in the same lake in different years was assessed using ordination (Minchin 1990) , where the samples were arranged in an order determined by the relative abundance of each diatom species in the sample (appendix 1 lists samples in the 1winspan order). For six of the lakes Pond, Major Skua Lake, Duck Lagoon, Handspike Tarn and Langdon Point Pond) the samples from each lake together without mingling with the samples from other For the other lakes some intermingling of samples from different lakes occurred but generally the samples from each lake were grouped together. Therefore it was considered appropriate to combine the data from each lake for further analysis. Multivariate analysis using Decorana (Minchin 1 was used to align the lakes along theoretical environmental gradients based on similarities in their diatom communities.
RESULTS
Over 32 000 diatom valves were counted in sarnples from the 14lakes and a total of1 02.
in 34 genera were identified in appendix Figure 2 shows the arrangement of the lakes when Decorana Axis l is plotted against Axis 2. Table 2 and appendix 3 show the major species observed in each lake with the order of rhe lakes according to Axis 1 of the Decorana ordination. The high Eigenvalue of Axis 1 ( 0. 79) suggests this of the lakes relates to a strong environmental gradient. Four of the plateau lakes Lake Ainsworth, Prion Lake, Pyramid Lake and Tulloch Lake-are grouped together, as are Major Lake and Skua Lake. Ifould Lake and Square Lake are placed towards the group of coastal terrace lakes. "Ihe coastal terrace lakes-Brothers Lake, Duck Lagoon, Green Gorge Tarn, Handspike Tam and Langdon Point Pond -form a closely spaced group suggesting their communities are very similar. "S" Pond is an outlier especially when its position on Axis 2 is taken into account. 
...1 Beyens (1999) identified 210 diatom taxa from 127 lake and stream samples. The most abundant genera were Fragilaria, Achnanthes and Navicula, the same genera found on Macquarie Island (including the revised genera formerly within Achnanthes and Navicula). The higher species diversity on Ile de la Possession may be explained by the greater habitat diversity, notably pH values ranging from 4.9 to 10, compared with values from 6.4 to 9.7 in the 14 Macquarie Island lakes examined in this study. Saunders et al. (2008) found a broader pH range of 5.5-9.95 by sampling 50 Macquarie Island lakes.
Some species, such as Achnanthes clevei, Amphora coffiaeformis, and Cocconeisplacentula, are present or abundant on Macguarie Island but apparently absent from Kerguelen or Crozet islands. Only one species, Fragilaria pulchella, was observed in every lake. Four species were observed only in plateau lakes: Brachysira exilis, Psammothidium tn,'rP'''P'"" Lecohuia genicu!ata, Aulacoseira distam~ while one species, Planothidium was observed only in coastal terrace lal'"es. The diarom communities in the nine plateau lakes were generally more diverse with an average of 40 species, compared with the five coastal terrace lakes with an average of 24 species. lhe community of "S" Pond was distinct in having the centric species, Aulacoseira as a major component. Its outlier status in the ordination matches its physical situation as a small, shallow and peat-based water body located at 220 m on the plateau. is abundant in type plateau lakes whereas F vaucheriae vaL while present in the plateau is abundant in type "a" coastal rerrace lakes. Planothidium deliculatum was abundant only in the two lakes, Duck Lagoon and Langdon Point Pond, which had the highest conductivities. Brachysira exilis appears confined to the plateau lakes. Eunotia cur1Jata was abundant in Pyramid Lake, which had the lowest pH.
There is broad agreement in the number of species observed in this study (shown in parentheses) with the number of species observed by Evans (l 970) who listed a total of 84 (1 02) in five ponds and lakes, 41 (34) in Priem 25 (26) species in "S" Pond, and 37 species in Duck Lagoon. The study by Bunt (1954) examined terrestrial diatoms and is not directly comparable. Comparison between environmental variables and lake position on Decorana Axis 1 (table 3) suggests the lake diatom communities are influenced to some extent by silica concentrations and by conductivity and pH. Silica concentrations are lowest in the plateau lakes and increase in a clear pattern along the axis to the coastal lakes suggesting a strong effect on the diatom communities. Conductivity also generally increases along the axis. The pattern of pH along the axis shown is less clear and shows highest values near the centre suggesting pH has less influence than silica concentrations and conductivity. Saunders et al. (2008) , using a larger data set, found conductivity, pH and silicate concentrations made independent, significant contributions to explaining variation in the species data.
For most lakes, nitrate concentrations were below the detection limit, limiting the discrimination available. Within the group of similar coastal terrace lakes, Duck Lagoon and Brothers Lake were below detection limits while Langdon Point Pond was over 60 times the detection limit, suggesting nitrate concentrations were not a strong factoL A further consideration is that the values shown in table 3 are a "snapshot" and represent lake water quality at one point in time or the average of a limited number of readings. Water conductivity and nitrate concentrations in coastal terrace lakes are highly variable due lo seawater ingress during storms and seasonal inputs from seal wallows and penguin rookeries (Evans 1970) .
The environmental gradient corresponding to the order of lake communities along J\.xis I (table 3) seems to be related to Jake elevation. There is a clear progression from the type "c" plateau lali:es with elevations over 140 m asl through the type "b" plateau lakes (75-99 m asl) to the type "a" coastal terrace lakes. The environmental gradient linked to elevation that is influencing the communities could be temperature, a parallel situation to the terrestrial vegetation on Macquarie Island which shows marked altitude zonation. Based on thermograph data, Evans (1970) reports temperatures in Duck Lagoon on the coastal terrace were consistently several degrees higher than those for Prion Lake or "S" Pond on the plateau. This difference may be sufficient to affect the structure of the diatom communities in lakes at different elevations.
In addition to temperature, elevation affects the inputs of nutrients and ions from sea spray, which decrease with distance from the west coast due to the prevailing westerly weather patterns (Saunders et al. (2008) )0 The resultant changes in water chemistry could also produce an elevationrelated pattern in lake diatom communities.
Freshwater diatoms on sub-Antarctic
Island: an ofl4lakes TABLE3 Lake water quality and elevation 
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Water pH and conductivity were measured in the field using portable meters (ICI 
